INTRODUCTION
This paper is devoted to the specificity of biopolymers. Which are the physical mechanisms responsible for biological functionality of proteins and nucleic acids ? Which features of the structure of biopolymers determine these mechanisms ? These problems have been already investigated during many years.
It is appropriate now to sum up the various ideas and concepts used in their solution.
Biopolymers consist of macromolecules. It is necessary to establish the universal, general properties of macromolecules independent on their special structure. Two decades ago the group of theoretical physicists which I headed in Leningrad, developed the statistical physics of macromolecules. Because of the internal rotations areund the single bonds in a polymeric chain, the free macromolecules in solution form loose statistical coils ( Fig. 1 ). These internal rotations change continuously the conformations of the monomeric links and of the polymeric chain as a whole. Every link can exist in the states of several conformers or rotamers. The rotations in the neighbouring links Figure 1 are not independent, and the macromolecule is a cooperative system. On the basis of these ideas, it is possible to evaluate the dimensions of the macromolecular coils, their dipole moments, anisotropic polarizabilities, optical activity, etc. in good agreement with experiment. The stretching of rubber and the entropic nature of its high elasticity is found to be due to the rotamerization of the links, i·~· to their conformational transformations.
The solution of these problems is perforrned with the help of the contemporary methods of theoretical physics, by averaging the necessary pararneters over all conformations taking into account the cooperativity. This theory has been presented in two monographs [1, 2] (cf. also [3] ). Later the statistical theory of macromolecules has been largely perfected and supplemented in the outstanding book of Flory [4] .
If there exists some mutual attraction of the links of the chain, defined by their properties or by the properties of the solvent, the polymeric coil condenses into a globule. The corresponding theory has been developed by Lifshitz and his coworkers [s-8] . The b. Side by side with the weak <!·~· non-chemical) interactions responsible for the potential energy of internal rotation, in the chains of biopolymers exist weak interactions (hydrogen bonds etc) , which stabilize a definite secondary structure of the protein or nucleic acid (Fig. 3) .
Hence, the native biopolymer is not a statistical coil which can be formed Therefore the understanding of the behavior of biopolyme.rs must be based on the connection of the conformational properties inherent. to the macromolecules, and of the special chemical properties of informational macromolecules which possess some fixed secondary, tertiary and sometimes quaternary structure. The investigation of biopolymers is directly connected with the study of the electronic-conformational interactions {ECI), !·~· of the interactions of these two kinds of degrees of freedom {cf. [9] [10] [11] ).
ECI is the subject of this paper.
The important difference between the protein globule and the polymeric coil is the dynamic organization of the globule and statistical character of the coil. The protein globule is a dynamic system, whose elements <!·~· aminoacidic residues) possess definite positions and perform definite functions consistent with the behavior of other elements. The protein molecule is E1ectronic-conformationa1 interactions in biopo1ymers 805 therefore similar to a machine. Evidently these dynamic properties arose in the course of evolution, both pre-biological and biological. The machinelike, dynamic behavior of the globule is the cause of great difficulties of its theoretical treatment. These difficulties bear on fundamental principles as they tauch upon the most general problems of theoretical physicsthe problems of relation of dynamics and statistics.
PHYSICAL MODELS OF ENZYMATIC PROCESSES
The electronic-conformational interactions must be considered as the basic mechanisms of enzymatic activity. We have to distinguish between the oxidative-reductive enzymes which serve directly for the electron transfer The idea of ECI becomes quite obvious.
There exists a series of attempts to interpret ECI in a qualitative way. The concept of "rack" suggested by Lumry [14, 12] is based on ECI. The "rack" means the stress of the substrate molecule in ESC. A stressed, entatic state of the active sites of a series of metalloenzymes has been suggested by Vallee [1~ • The ECI can be treated using the conformon -a tentative quasi-particle similar to polaron in some respects [16] . In the physics of solids, the polaron is an electron which moves in a crystal tagether with the polarized state of the surrounding ions or atoms. The conformon is a cluster of electronic density which is transferred in a biopolymer tagether with a conformational deformation of the neighboring groups.
In cantrast to the polaron, the conformon cannot migrate over great distances, as its energy dissipates. The concept of ECI and of the resulting limitation of the rate of a multi-stage enzymatic reaction by the relatively slow conformational transitions are suggested also in the works of Blumenfeld [17] [18] [19] .
Tagether with ECI other physical mechanisms of enzymatic activity were also proposed, the mechanisms of transfer of electrons and atoms. In the case of electron-transfer enzymes the tunnelling,of electrons is possible through the barrier. This effect is especially important at low temperatures [18,20,2~. The consideration of tunnelling tagether with mu1ti-phonon electronic transitions in a condensed medium allowed to develop a quantitative theory of the dependence o.f the rate of oxidation-reduction of cy.tochrorne-C on ternperature [22] . The rnechanisrn of the rnulti-phonon electronic transitions has been studied in details in the references ~3-26] .
The rnacrornolecule o.f a biopolyrner fluctuates between different con-.forrnational states. These transitions can be characterized by very long tirnes. The nature of conforrnational transitions is different frorn usual low-frequency Vibrations. The conforrnational transitions are rnore sirnilar to chernical conversion but they are deterrnined by weak interatornic interactions. The shift of the electronic density or the excitation of the electron can change a given conforrnational state and change the relative energies of different con.forrnational states. The solution of the corresponding quanturn-rnechanical problern, !·~· the deterrnination of the probability of the final transition substrate-product requires the knowledge of the potential surfaces of electronic states and their dependence on positions of atornic nuclei. For the non-adiabatic reactions of electron and atorn transfer, !·~· for reactions which are accornpanied by conforrnational shifts of nuclei, the key role is played by the Franck-Condon principle. As the rnotion of nuclei is rnuch slower than that of the electrons, the probability of reaction differs frorn zero only if the electronic levels of the initial and final states becorne equal because o.f conforrnational rnotion. The corresponding scherne is shown in Fig. 4 . Q is the conforrnational coordinate. The quantitative theory of the process introduces physical parameters -the components of electric field, etc. -which are the functions of spatial coordinates. Thus, the interaction can be determined by the effective electric field due to the whole system of nuclei surrounding the active site.
The biopolymeric system can be considered as linear ; the changes of its internal parameters are suggested to be proportional to comparatively weak Physical enzymology now requires some well founded qualitative models, which allow to understand the sense of observed phenomena. Quantitative estimates are also necessary, in order to get the orders of magnitude of the characteristic parameters, such as the activation energy.
It is important, however, to remember that the expenses for such estimations can be quite high. Therefore, the significance of the rigorous quantum-mechanical theory is not the possibility of quantitative calculations ab initio, but the elucidation of the physical regularities. 1------< r-+--"tln+l
THE MODELING OF ECI BY POTENTIAL BOX
are calculated using the standing de Broglie waves with the knots at the walls. Let us perform some illustrative calculations. The energy of the E1ectronic-conformationa1 interactions in biopo1ymers n-th level is In other words, work is performed, and according to the formula (1) the electronic energy is lowered. The work is done by the shift of nuclei, in particular by the conformational changes.
The change of energy resulting from excitation of an electron
The initial (equilibrated) force produced by all 2n electrons is "'
.p: 
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The efficiency of this device -of the molecular machine -is where Let us calculate now the efficiency of the machine working because of addition of an electron (Fig. 7) • We get
The first machine is more efficient than the second one. The excitation of the electron can perform larger conformational changes than the addition of the electron.
This result agrees with the fact that the conformational changes can be observed in many cases of the ESC formation, but not in the case of the change of charge of heme in cytochrome c. The X-ray studies do not show any difference between the oxidized and reduced cytochrome-C [30] .
This calculation is of course purely illustrative. The model of the potential box is not realistic because ~-~· the levels in the box diverge with increasing n, and in atoms and molecules they converge. The model allows however to connect the positions of the electronic energy levels with the geometry of nuclei.
4, THE STUDIES OF ECI BY MEANS OF THE QUALITATIVE METHODS OF QUANTUM CHEMISTRY
It follows that the appearance of the stressed state of the substrate in ESC (entatic state, "rack") is determined by ECI. Which is the origin of energy of electronic excitation, conversed into conformational work which lowers the activation barrier ?
Independently on the rnodel of the process, the necessary free energy is in the form of the observed heat of sorption ~G', partly transforrned into energy of electronic excitation E ( 13) E is then transforrned into conforrnational work w. A considerable part of this work is used for the effective decrease of the free energy of activation ß&"*"= (){.w = «f·E. = 0(.~ C ö cr-l\6-') cC, f < ...
The rigorous theory of these dynamic processes is, as it was said already, the theory of the rnulti-phonon electronic transitions. A useful sirnplification can be however obtained in another way. The alteration of energy due to ESC formation is (16) Here aEa is the change of energy at the active site calculated by means of quanturn chemistry. We shall call the corresponding subsystem the electronic one, as a considerable redistribution of electronic density occurs therein. The intermolecular orbitals (IMO) will be mixtures of the ground and excited states of both molecules A and B. The most important role will be played by the interactions of MO's near the limiting ones, i·~· the highest occupied (HOMO), and the lowest unoccupied (LUMO) MO's [32] . For the qualitative treatment we can take into account only these MO's of the free molecules.
As the result of mixing of the ground and excited states of every molecule, alteration of electronic distribution occurs. In "weak" complexes this change is small, but in the "streng" complexes, where the admixture of the excited state can be great, all the characteristics of the molecules can approach those in their excited states. At the new electronic distribution the initial nuclear configuration becomes a non-equilibrium one and the system will be transferred into a new equilibrium position. This description agrees with the model of potential box with mobile walls (part 3). Geometrical, electrical etc properties of the molecules will be changes. The corresponding states of the simple molecules co 2 , c 2 a 2 are shown on Fig. 9 . Some simple exarnples are shown at Fig. 11 . We obtain the following conclusions.
1) The formation of a complex provides the activation of the molecules. The MO of degenerated states become mixed and the strengths of the bonds become changed.
2) The molecules in the complex orient in such a way that the maximal over- LMO's are therefore similar to MO's in H 2 molecule (Fig. 12) . Hence the most favorable localization of the bonds C(l)_H and C( 2 )-H is perpendicular. In other words the ~-conformation of ethane is favorable. We corne to the same conclusion taking into account the interaction of the double occupied MO's of the groups CH 3 . Figure 17 to the short H-bond (small o-x distance) ; the proton is localized nearly in the middle of the line o-x. Curve 2 shows the case of larger distance 0-X, and we have here two minima divided by the moderate barrier. On curve 3, the distance 0-X is still larger and the barrier higher. The energy of the system is minimal in the case of the short H-bond. However in this case the proton is far from the X-atom and the transfer is not realized. For the H-transfer, it is necessary to transfer the system into the conformationally excited state corresponding to curve 2. The energy of H-bond and hence the potential curves of Fig. 17 are determined mainly by the Coulombic interactions of Hand x. We meet here the charge-controlled reactions.
This example shows that the transfer of the system into the conformationally excited state can actually render the potential curve smoother and accelerate the reaction. The energy required for the conformational transition can be provided by the act of sorption or can be transduced from another subsystem. The system as a whole works as a machine. The corresponding examples of proton-transfer in reactions with participation of chyrnotrypsin are described in paper [39] andin paper [34] , devoted to hydrolysis of acetals.
The investigations based on the qualitative methods of quanturn chernistry have been perforned in other cases also, in particular for ESC of lysozyrne with oligosaccharide [36] .
EXPERIMENTAL INVESTIGATIONS OF ECI, THE FARADAY EFFECT
Let us consider now the experimental investigations of ECI. The studies of the cornplexes of apo-aspartate-aminotransferase with various coenzyrnes have been presented earlier [10, 40] . The change of ligand irnplies the alteration of the electronic state of the complex. This alteration influences directly its confor.mational properties, and this is readily expressed in denaturation [10] and proteolysis [40] .
In this paper we shall present sorne work in which the information MRD and MCD characterize the electronic state of the system and its change under the influence of ECI rnuch better than the electronic absorption spectra.
In the long wave length visual spectral region, the herne group possesses a band~ with wave-length frorn 560 to 590 nrn. This band corresponds to the Tr--lf•transition of the porphyrine ring. In a series of hernecornplexes, the ~-band is also observed at wave lengths 520-560 nrn, which is the vibronic sattelite of the ~ -band.
There is a direct correlation between the fine structure of the MRD and MCD spectra of herne and its protein surrounding ([41}, cf. also [3] ).
On Anm Figure 18 in the case ox the heme complex with imidazole being the rirth and the sixth ligand. The investigations have been made ox heme-pentapeptide and hemenonapeptide -the segments of the cytochrome c chain with heme linked in a covalent way (Fig. 19 ). In the pentapeptide the fifth coordination valence of heme is occupied by imidazole of His-18 1 and the sixth valence is free1 in the nonapeptide both these valences are occupied. On Fig. 201 MRD absorption spectra or heme (3) 1 heme-nonapeptide (1) 1 and heme-pentapeptide (2) are shown. The differences are considerable. The fine structure observed in the heme-nonapeptide is determined by the contacts or non-polar aminoacidic residues with the heme plane. In the case ox the pentapeptide these residues are replaced by water. The curves of MRD and abso~ption spectra of ferro-cytochrome C and products of its modification are typical for the low-spin complexes of heme with strong axial ligands -such as imidazole.
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In the native cytochrome C the sixth valence of iron is occupied by the s-atom of residue Met-80, but in the modified proteins it is impossible and evidently the Met-80 is replaced by Lys-79. In the stressed, "entatic" [15] state of heme corresponding to the heme-pentapeptide with free sixth valence of iron, the MRD-curve possesses two equal minima (Fig. 20, curve 2) . Similar MRD-spectrum is observed in deoxymyoglobin (Fig. 21) . On the same Fig. 21 , the MRD curve of In the work of our laboratory together with Atanasov (from the Institute of Organic Chemistry of Bulgarian Academy of Sciences) the dependance of MRD and MCD of deoxy-and methernoglobin on quaternary structure has been studied in details [42] . According to Perutz's model [43] 
